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Pharmacological actions of Bacopa monniera and its active compounds

on rat cardiovascular system
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Pharmacological actions of Bacopa monniera and its active compounds

on rat cardiovasecular system
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Abstract
Background: Cardiovascular discase is a major health problem in Thailand. Some Thai
medicinal plants could provide potentially alternative treatment or reduce cardiovascular disease
risk. Bacopa monniera or ‘Brahmi’ is a well-known cognitive enhancer in Indian and Chinesc
traditional medicine systems. B. monniera extract (BME) was reported to show the relaxant
action on rabbit pulmonary arterics and aorta. However, the mechanisms of this action arc
unclear and the effect on rat tail artery has not vet been investigated. Furthermore, the roles of its
constituent saponins on the cardiovascular system are unknown,
Objectives and Methods: To examine the effects of BME on (i) blood pressure (BP) and heart
rate (HR) using anaesthetized rats (ii) vascular tone of the isolated rat tail artery and the role of
extracellular and intracellular Cay movements (iii) Ca’’ influx via Ca’" channels in single smooth
muscle cells isolated from tail artery and the pure compounds of BME.
Results: BME caused a dose-dependent decrease in systolic and diastolic blood pressure without
affecting heart rate. In isolated vessels, BME (0.1-5.0 mg/ml) showed vasocontractile effects in
resting tone, but when endothelium-denuded and precontracted by phenylephrine (I pM), BME
(0.1-5.0 mg/ml) induced a concentration-dependent relaxation. In Ca-fiee solution, adding Ca’’
produced concentration dependent contractions, which were inhibited by BME and by nifedipine.
In Ca” free sblution. BME also inhibited the contractile effects of phenylephrine and caffeine
induced Ca™ release from sarcoplasmic recticulum (SR). In isolated vascular smooth muscle
cells, BME (10, 100 pg/ml) and partially purified saponins (10pg/ml) blocked inward calcium
currents through Ca’’ channels, similar to the L-type Ca" channel blocker nicardipine (1 puM)
whereas pure bacopaside I had no effect.
Conclusion: The results indicated that BME decreased blood pressure without affecting heart
rate, suggesting a vasodilatory effect, an idea confirmed by the relaxation of the isolated rings.
This action appears to be mediated by preventing Ca” entry into the smooth muscle cells Bccausc
(a) BME reduced the cffectiveness of extracellular Ca™ and (b) it blocked inward current in single
cells, and it also blocked Ca™ release from SR. Therefore, BME induced vasodilation via the
mechanisms of extracellular and intracellular Ca’ movements. The Ca” entry route may be
through the L-type Ca” channel becausc the effects were replicated by nicardipine. This idea is
supported by the inhibition of voltage activated inward current through L-type Ca”" channcls.
Therefore, BME produced hypotension by vasorelaxation through blocking L-type Ca’' channels.

Further study is needed to identify the individual saponins responsible for this effect.
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Vascular smooth muscle cells

, ]
| L

Control Drugs
Vehicle
10,100 pg/ml 10 pg/ml 10 pg/ml | uM
B. monniera extract  Entichment Bacopaside | Nicardipine
saponins

3101 5 mIvoAUUUMSNARDY in vitre ANIHAYDY inward Ca®’ currents

- n1suanwar§n€ﬁm=ﬁim‘%‘ﬂmmﬁaamﬁamnmy
ﬁmaamﬁanﬁum‘lﬁ’mﬂmanmnﬁﬂmmnnma u_ﬂzuu'JGUﬂamnﬁﬁlﬂlnzﬂu§1u§nq
wdnililldensazmononead (Dissociation Medium) filannl5znon 3o 110 mM NaCL. 5.0
mM KCI, 0.5 mM KH,PO,, 0.5 mM NaH,PO,, 10 mM NaHCO,, 10 mM HEPES, 0.03 mM
phenol red, 10 mM taurine, 0.5 mM ethylenediaminetetraacetic acid (EDTA), uag 2 mM MgCl,
uaz1l§ pH ~ 7.3 §10 NaOH ihnnenifeniidaihiduingudalyl incubate figamngii 4 °c

NU5aLA18 DM R4 papain (0.8 mg/ml) bovine serum albumin (0.04%) uag 1 4-

'
=

ags 3 = & ¢ o 1 a Vg
dithiothreitol (0.4 mM) 1ifut3a1 1 42T ;mivti 1) incubate figaingdi 37 °c daifunan 30

q

Y o

AR a ;. =1 =1 = L]

HINIUAY collagenase (0.8 mg/ml) 1AL incubate @0dn 10 Wi udniasadeanuilasuld
x i Qy J " y 4 ~{

enzyme-free DM 1ag 14 pasture pipette ga¥unasamontuatnqauning ldsadnaonion

nianvuzilugUnszameing oy

< . o
- msfimnguivesmsidfiidomwadndnniierduuTae¥imafia Patch Clamp
'3 o = Wy v ¥ s a " w ' s @
HualsanvaoataaanLen Eﬂll'ﬂ'.]f’l\ﬂu bath S811?Eclfﬂﬂlﬂ'lzﬂﬂlluuﬂ‘m!ﬂuﬁ'lﬁﬂ 1an
3 . i
perfuse A8 Hanks solution N1l5znaudie 5 mM glucose, 5 mM HEPES, 5 mM KCI, 1.3 mM

[l b4
MgCl,, 140 mM NaCl, 2 mM CaCl,, (pH = 7.4) figanigii 37 °C lumsnaassilvzldinaiin
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whole cell perforated patch clamp é’ﬁlﬁﬂlﬂﬂﬁﬂﬁﬁmlﬁﬁ amphotericin B 1u pipette solution ‘ﬁ
ﬂszﬂaué’ha 125 mM CsCl, 10 mM HEPES, 11 mM EGTA, 2 mM MgCl,, | mM CaCl, (pH =
7.4) M pipette resistance 11171 4-8 MQ L-type Ca” currents gﬂﬂima]’uiﬁﬂm‘i holding
membrane potential U350 clamp ﬂ‘ﬂuﬂ'NﬁﬂEﬂ%ﬁ !Hﬁ -80 mV Uag step \lﬂg:’ +10 mV 428 300
ms voltage commands 19 10 I Tumﬂmﬁﬂiﬁyinward currents Qﬂlﬁﬂé‘iﬂﬁﬂmﬂﬂs
barium (10 mM BaCl,) 51?\1!‘}‘%31 permeant Y94 inward currents 14 Ca-channel Lﬁﬂ inward
currents (control) mﬁﬁlﬁﬂumsazawﬁrim cell (Ju Ba ‘ﬁﬁ 10 pg/ml B. monniera extract
HENJ 1A recovery 100 Ba Hanké™Solution-onnsa. 33iuaduldmaaourates Ba i 100
ug/ml B. monniera extract, 10 pg/ml high saponin, 10 ug/ml Bacopaside [ 11ag | pM nicardipine
Hay msia ealcium  eurrent TunngilndilSeuiousuniazilims adansui uas

I AYVDINT U]

<
ARIITHHANINAADS
F = 3 oo I~ Y a =3 = o a aa
Yayan !ﬂﬂmmﬂwwﬂwauamﬂsmm ¥992QNI1IDATIZHNNEDA 1AUATITIN

AURQY (mean) naznuninFodonnaulaoldm standard eror of the mean (SEM) P13
nlSvuisunanuuandvesnmisszniangy uaznguit lasumsadaniemsd iRz

3 3
= s cln:g‘ tar o a !
Tﬂﬂ?g student t-test (1AZ ANOVA @ 1UANMHLIS Y ﬂﬂ!’U‘lJ'ﬂ]gﬂ‘iJﬁﬂHﬂ!&;‘_uﬁgﬂ'mTl!ﬂq‘U‘Uﬂﬁ
9 :1 5/ =4 = 1 [ 1 ] Qs []
YoyanaoInsilTeuinounImana1a uaza p value < 0.05 aeilaniand1afog199]

u

o w a

Hudaunang

¥
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HamInaaa

1. HaveInsanaANsHIAoANUN AR Az SATIMsRuvediale

dlefamsasansuiiiuing 20, 40 18z 60 mg/kg NMIvavABAAT WU 1AL
fuden systolic uaz diastolic AAAY FINMTAAAIYBINIIFINNTUMLVIA T UYD IS
afdansil (dose-dependent manner) Tuvarefi Biivunmsoumlavennudiudon ioia

% 4 ' o o X=) 1 o [
normal saline Fuilunguaugu (31 6a) uasamsasansuiibifinadesasmadureniale

(31 6B)
Fig 6A
)k
160 - ok o T]
i 140 il T
:::_:1
E 120 B
2 B4
g}.
A\ 6l r
- * %
_8 40 Kk |
0 AN o
0 y
)
&,\o\ rb\:\(\‘z’ ({60\ g\\l 4 {‘&0\ C§{9 (\60\ 0}*&9
o o © ‘\S’(Q 9 @6‘ 9 roQ®




14

Fig 6B

B Before BME injection

500 . O After BME injection
i
= 400 i
o
Q 300
&
i
£ 200
3] [
[ H |
I 100
0 -
& & W N
o & & §
NI N NI
é@ @0: @Qv
> w S

o = 4!'1 ¥V = o a'q 1
3'1] 6 HAYDIMITAAR T U VA 20, 40 iaz 60 lng!kg B\Y '-.}Iﬂcll'l\ﬂ@liﬁﬂﬁlaﬂﬂﬂ'l niFiano
ANVAL Systolic blood pressure (P)) 1z Diastolic blood pressure (P) (6A) unz Hand Heart
rate (HR) (6B) fi1A14 9 Al Mean + SEM (n = 4-6), **p<0.01 dianlsouiisyszihanags

o o 2 ' e [ - ' @ e ar o
ﬂ']“l]ﬂucﬂﬂju baseline NOUDATITANATITU I UaznainiadnamsananIuul
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2. HAvRINIANANINN AEMIAMIAIUBIHAdAIAeN

dlouoniasaideaaeanin udnimasadeauasuiusgly organ bath nadanew
A0T15 1 M phenylephrine (PE) udansamsasansyuil varnasasansuiamainduda
197 (0.5-5.0 mg/ml) M lfiRamsaaedve arasadEeaua v IAEN TS 19917 endothelium
tﬁemmmﬁﬁ’mﬁuﬁummmug%’u%’uﬁlﬁui‘fummmsfff‘i’m-mjﬁ (concentration-dependent
manner) Taooaesadansuiinnuduii 0.5, 1.0, 1.5, 3.0, uaz 5.0 mg/ml Mliaeaden
ARIOAD 5.87 + 1%, 13.85 + 3%, 27.37 + 5%, 40.24 £ 6%. 1A 61.39 £ 7% AR Az
L-ﬁ’n%’uﬁrmmwmmnfiwadnﬁll'ﬂﬁﬁa; sewInngquiinoaasaiavsui UaENAUAILAY AD

ANty 1.5, 3.0, 482 5.0 mgke (311 7)

0 Fig 7
20
-
E 5 40 F
® |
P r-
| © —O—Control
¢ 60 |
o —-e— BME
80 |
100 i i [l (] ] i (] [ 1 J
0.5 1.0 1.5 3.0 5.0

[BME] mg/ml

3 7 wavosmsadavsuil anududi 0.5, 1.0, 15, 3.0, uaz 5.0 mgke dionlIoudisud
d g o as w1 .

lﬂﬂii‘ﬂuﬂﬂﬁﬂﬁ"lfm‘Zl‘Uﬂﬂﬁﬁﬂﬁlﬁﬂﬂﬁwﬂgﬁ]‘lﬂﬂﬁﬂﬂﬁ?ﬂﬂﬂﬁ?ﬂﬁ’ﬁ 1 uM phenylephrine

(PE) F116104 9 fio Mean + SEM (n = 6), * p<0.05, ** p<0.01 nsvuifisuszninenguitneads

afansuil uaznqualunuiiveamsiudhasmomsana
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3. HAVBIMNSANATISHI ADNISHAMIVDIHADALEDA

vaugiilongamsanavsui anududy 10, 15, 3.0, uaz 5.0 mgml a9UUHADA

e 1 i s =" o Y o
@eauasuyILeg luan1E resting tone TIMATARANSII 1.5, 3.0, taz 5.0 ltiAanisua

dvesnasaionatiiiod i (31 8)

j Fig 8
50
+x 40 N
f o =O—Control %
| © o o =
5 —e— BME
=
0
bl
Q
© 20 F
=
(o)
Q
S q0 }
; 0 ,
1.0 1.5 3.0 5.0

[BME] mg/ml

31 8 ravesansadansuil anudiudu. 10, 1.5, 30, uaz 5.0 mgkgionlioudisui
=1 o o ] o A (] R

Ldagwuﬂmsnﬂmﬂmﬁaamé"aﬂﬁNﬁgﬁﬂﬂﬁiiﬂmqmﬂ Mg luan1ag resting tone

A6 %) D Mean + SEM (n = 6), * p<0.05, ** p<0.01 nlsouisusznanquitneadsada

wsuil uaznauaugiisamsiiludnhazmemsadia
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4. HRYBIANIANATITII vienmﬂ?;auﬁmmuﬂau%“mmmmﬂuaﬂwaéﬁ’hq'mu"luwaﬁ
Tumsfnunalnmsoengniveamsafansuiiim inasadoanaod nudians
anansuiinNududy 1.5, 3.0 uag 5.0 me/ml iinaaamsnadiverasadeauaamany fign
ilinadidromsnoamsazas cacl, (0.01-10 mM) Tuaangiidavesssquanidond
00U Raumsazaoiiii 80 mM K wazilmnnuaaiion adhainfed Ay Taomsnadives
ﬁﬁﬂﬂlﬁﬂﬂﬁgﬂﬁﬂgﬁIﬂﬂﬁ1iﬂﬁﬂ11§iJﬁL‘ﬁ‘iiS?J?uﬁmﬁ‘ﬂ1]1‘?;‘11%83?{15ﬁfﬂfﬂ1‘i‘iuﬁﬁlﬁ‘u‘ﬁu Wl
concentration dependent manner lﬁﬂ!ﬁfj'ﬂlﬁﬂlﬁﬂﬁ'ﬂﬂi ATANANTUIINY | uM nifedipine ‘?Jiﬂu

¢ A 9 _ @ 3 o -4 ¥ 3 1 o
Ca  channel blocker VuMNHAMGVGINISHATIVOHARAmoA 11/ Tuih e uReamu(gilo)
. i o ' o 1 r f.lj
Ay mIanansuiaiHadomMInadEveMiaeaiEon iuna lnmstugamsilavesisey
P a \ ¥ = a 9 i, e v s/ =
HnaIEUIEeL HazaAMs Inauhve waaiFuumauenadith lusad G i nagaiuia

MINAYAIVDINADAR O

s 3 100 i

—&— Control

go } ——1.5mg/mIiBME
—— 3.0 mg/ml BME
—0— 5.0 mg/ml BME

60 —8— 1 uM Nifedipine

40

% Contraction of Control Maxi.

20

-5 4.5 4 3.5 £ 2.5 -2
Log [CaCly] (M)

31Ji’i 9 HAVDIMNIAAANTIIANIGUDY 1.5, 3.0, 5.0 mg/ml 1AL 1M nifedipine #ONTHA?
vosnapadeauaIny demsilinasadoanadi lasneamsazae CaCl, (0.01-10
mM) U192 Depolarization taznszdumsillaveailszquaaidonlumsazatoiiil 8o mm
K’ uazisimmnunadon a1 fio Mean + SEM (n = 7), * p<0.05, ** p<0.01 nlSo1niioy

ssnenguitnoamsatans il uaznguaiugy
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5. HaveImsaAfiavIil Aemsinaouiveunarien0In sarcoplasmic reticulum g neilas
3
raa
d‘ = e =N | dll =i F=1 . “
ANHIHAUBIATANANTNI ABNITIAADUNVDAULAALEYIDIN sarcoplasmic reticulum
gmeluead vuhimsuadivesmasadeafigniniiontiilag 10 pM phenylephrine (PE)
Fd
% @ e s =y A ar
11z 20 mM Caffeine Tun1Iz Ca™-free Krebs gniuda laoesadansyii (S mg/ml) dsansada

1‘!‘iﬁlﬁﬁ'lll'ﬁﬂ'l‘iﬁﬂé")"llﬂﬂ'ﬂﬂﬂﬂ&ﬁﬂﬁiﬂﬂﬂﬁmﬁﬂﬁﬁﬁlﬂﬂ PE ﬂﬂﬁi‘llﬂaﬂ 23.8 + 3.71 % uas

T 1
=1

Taamsmiianiwny Cafine ana i 20.5 +6.05 % (U 10) FnTumsadansuiisedina
dudanimanmvonagesnohnyadvaaiaoadoamanyriunalniifoadoasums

v
dudamsilavsunaidienain sacoplasmic reticutum molad

0 B Drug (Control) 310

1803 O Drug + Brahmi
140

120
100
80
60
40

% contraction to control

20 mM Caffeine

Drug

[
=)

31 10 wavorms adars iR I 5.0 mgml AeMIHATIVDIHADARDALAN AN
QANIONINIAY 10 uM phenylephrine 130 20 mM caffeine 1Uan NS IHINUARLTU

o 1 ' =l r=1 1 1 {
AWUBNHAA AR AD Mean + SEM (n = 5), * p<0.05, ** p<0.01 Wisuiiivusznangui

HoamIENANs Ul LaznguAIR
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Ui 4
a <
ajiluazinsainaminaaas
NANANTIVIHATOITITANANT AR YR U EDA uazanﬂmilmwawﬂﬂ U
eRamsasansuiimaasadeadinldanndudon systohc (ag diastolic anag ua il
Haneoas MUY sl savesmsadansuiineszuuialesaunasadoaiisieay
v
= ar o o i [ =Y
M3AnEINIludaInanoanuININa (intravenous) asananIviiluainnaiegdunug
¥
msada 1Aun @15aia petroleum ether. dichloromethane =wthunc! ttar 115 38ATH IUviNg
25 mgkg Hraaannuduhungigmithiaay Tasmisaiari vinaaanuds 1dgaga us
¥ $ 4 ¥ o
A Liiinadoonsimaduunaiala (Chana et al., 2003) doandperuranisITonadaii
WU dieRAMsEAANSUR (Ethanolic Bacopa monniera extract) MUVIA 20, 40 1AL 60 mg/kg
o o _9Q or « . . A
NNABAGBARN (intravenous) 1 1TANLAMEDR systolic 1ag diastolic AAAT FIN1TAAAIVD
b4 . ' P
ANBAUINNAUAIVINATIF LYo T AR AN T (dose;dependent manner) UALTAA
ah 1 1w v @ o = o o) @ A e/ w
Wil hidiradedasimsduvenidle Tnoiladenmitanusiudonanas 18un nisvetoda
DINADAERANAINIAEN MIaaa s lumETiudvenial nazisesasinduves
o o :g = _: c:d ¥ 4 T o a e gV o =1
mlvaaas Auiumnmsfinuasaiisaaaainfums asarsuiiim Wansudonanas
¥ v
91NAINVEBAIVBIHABAIRDANAIVIIAEN daumsny luduneudenidldnasa
=1 d! A =1 o v ad [ o L =
oanas Iy Fuihi small artcry wetigui ey lwswsuiiinasemsi lifnaoaden
AAYAD
HANTITUHAYD IR AR NS HiAOMT NNV IAdaIAaAR ST waaa i 1dodh
Fanuhmsadamgusnsuiiioa laoasdewadnduniiooudain Wiamsiadmie
@ = [ s a0 = s 1 =1
AWM aBAIAon Yz Anunmsanansuiimliiinanswadiveniaeation ag11 15
o ad o quy & v o P A, ¥ A a1 ¥
aumsanansuiilinai ivooadeanaivdidanunn tievh Idvasadeanadinoudie
3 . ar = ' [ =0 q Y :
phenylephrine (O -reccptor agonist) HAIMATTANATIT U] nuNmsanansuiiilivasa
ar o ¥ 4 = ar a A 9 Y
[oanmedl tagHam AR BN I uYe IS i AN I Fedoandoaty
wanisnaassiimsadansuii linnudmdonanaslinnnlad@feiaas adansuiid
waeadoad) lasmodnmdmalanii hivasmaeanaiodnilunalnnisoongnieiig
smooth muscle cells Hauyagiu laun msananauiidudiniinaounvewnarsounn
g 1 o ar c’/’ q { - .
moveningneluad uazdudimsmasuivesuaaiFunnn sacoplasmic reticulum 11611
' = q’: dy 1 [ =S u’;’ [ n’:
waa namsenmlunasadoauannanuaiail vohmsadausuiiiranalumsiudang
& i = [l & — < ar :; q {
imnaeuiiveaunaiornnmeuandignislusad uazfoadosiunsiudinismaeuiive
=1 . . d o as o s =
UAALEYIAIN sacoplasmic reticulum melusad ’dﬂ'iS‘Uﬂ}‘iﬁﬂmmﬂ'}ﬂﬂﬂﬁllﬂﬂ’l‘iﬂ’e)ﬂi]‘i’lﬁ‘ll’t‘]-ﬂ

1

asanansiil Inenunasanansuiisiaadudinis IMaveunadeyanmoue it

o
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4 1 ] ] [
mﬂiul‘ﬁﬂﬁﬂm\i‘l-’faﬂmﬁﬂﬂ pulmonary artery azHavARoA aorta UDINTTAW UA 1TIHAAD
2 P = s A Ao . -
nmsimaounvenaiounislingadninnsaeuaevoIMadaioanilng caffeine 130
- ‘§ or T o = o ﬂ’: KZ‘yE; 1
noradrenaline (Dar & Channa, 1999) ‘}N3'lfJd'E‘I!?ls‘!ﬂﬁTm’ﬂﬂﬂg‘é)dﬂill‘iﬁﬂ'l‘i’li]tl‘l‘uﬂiQ‘H‘I’ﬁ'ﬁj’n
¥ * ]
s a [T [l o
msafansuiiiinadudims lnavewnadousnuendignsluvadvosmasaiion artery i
& & L v o
HINININMIHY GaiiouiRes I UHAY4 nifedipine (Ca™ channel blocker) Tun1siudanis
Y { = 1 T o =1 ar
mndeufivowmaiouingisadin ca” channel Ml¥iTuMsanasvesmsaiIveanana
=) d' ‘:; o = [] =1 o [} it o o oar n’; ] 9 d' ar
[ROAMIMUINNNUAAFSEIRYINY 8813 190 uHan1T 3851 TilgnanAs vReSuna
? = ~ o - 0 - 2] . ..v -
msnaouivosaadunmelumad Tagruas aimauiinasusams Inave mnagoy
90NN sarcoplasmic  reticulum  @BNITABVAUDIVDIN ADALABATIIIAD caffeine LAY
) — - 3 i , - §£ a3
phenylephrine (PE) 8u19¥amilun1ag Ca™-free. Fanmismitloni lifunadonadouiion
sarcoplasmic reticulum (SR) 1a@ caffeine ifigniwiu ryanodine receptors 1A phenylephrine
4 g 4 o aw o $ A
WMUBIUIHI 1P, receptors 1Y sarcoplasmic reticulum ﬂh'dt‘l'h'TcTﬂﬂ‘HS]JiJUUﬂiﬂgiLﬂﬁﬂuﬂﬂjm

unaen luna lndanan

= =

Cal [ = o @ a [ 4 4 =
WANGIN N NIANANTHINAZ A IAVBINT I ira lasassnasaanauniioG oy
o q ¥ - - s v ] 2y ¥ A a A o
mihliaeadoanaiody S suonisaandmiiat oy udrdnuidanlunavasa s asa

= o o o E o P P=1 a . o
W wazmsmnyvesnsanansil nlaelszquaaiondonu (caleium channel) Tuaad

9 1 = 1 4 s ~

nmmﬁaSvummmnﬂmﬁaamé’aﬂummfmmm WuTueNeadIsaAANINI (10, 100
. . &4 g T o o w a 4

pg/ml) LD Enrichment Saponins (10 pg/ml) CINllhiﬂf}‘llﬁ‘l‘iﬁmﬂﬁmQﬁﬁﬁﬂﬂ‘i‘lﬂmﬁ&m!Mfﬁﬂ
3 2- " -1 = 2. ¥\ o
Wi Liaype Ca7 currents rinnlszquaaiFondoon (Laype Ca” channel) 2 lwad

o

¥
aduiiauuanas SauaaslfifuedaFanuiasadans i H@1591A8Y Enrichment

o1
ad g ar

3 A 4 o Y = = [ < ' o
Saponins Fuilumseongniidiglunidudinmsadauivesnadudigaad aghalsh
ﬂmrﬁﬁmﬁaﬂlﬁ’j’ms G Wﬁfy'}-iﬁd il pure compound v Enrichment Saponins Ao Bacopaside |

U Vo ¢ S el [ 1 = ' o w Y
(1opg/ml)  vud i Iidaman Ganunlasdanard Seerolulal'185 arsdngdue lu
Enrichment Saponins U885 8NAYITII 191 Bacoside A,. Bacopaside II, Bacopasaponin C
130 Bacopasaponin C isomer 11 1111AANI3 009904 L-type Ca’ currents Annlssquaadond

3y s 24y ] g 2 . . e v o
pou hilumaandunifad ou alumisTiotuaohla s inmaoluniiy masdngil
MaeMna1 a1ilaiinano L-ype Ca’ currents 1agns

nnradenanaunsaasldh asadansuiiivszaniamlumsaannudu oy

a & oy oy Y a o Y o g a = g Y =
nd gahifldinannmsandasimsduvoaiale uazmsatansuivh aeadenuasvig
=1 ar ar < U =1 - 3 =
L1aNARIwAI MInalenIvatHasadaaaIna1 1l uraInnsdugans lnadhvesnadon s

A

pou finnlszquanidundeey lunmsinuiats Sidgvesarsadansuiuaasl iy
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9 o [} té o o a{ ar 3 2+ 1 =Y
msdngehnisoniisansdify idosansodui Lype Ca’currents inlsequaaiFond

+ L3 3
89U (L-type Ca’ channel) 131 1 TusradndnniteS o

o
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Abstract

Aim of the study: This study was aimed to examine cardiovascular effects of Bacopa
Monniera extract (BME) and its active compounds.

Materials and Methods: An acute effect of intravenous injection of BME (20, 40, and
60 mg/kg) on blood pressure and heart rate in normotensive anesthetized rats were
measured by cannulation. Isolated denuded rat tail arteries were mounted in an organ
bath system to evaluate the vascular relaxation effects of BME (0.1-5.0 mg/ml) on
precontracted PE. The vascular smooth muscle cells were isolated from rat tail
arteries. L-type Ca®" currents (Icay) were measured by using patch clamp to evaluate
cffects of 10, 100pg/ml BME, high saponin (group of Bacopa monniera active
compounds), and Bacopaside I (pure compound of Bacopa Monniera).

Results: Intravenous injection of BME caused a dose-dependent decrease in systolic
blood pressure (Ps) and diastolic blood pressure (Pd) in normotensive anesthetized
rats, but did not change heart rate. In vascular study, BME (0.1-5.0 mg/ml) induced
relaxation in concentration-dependent manner in endothelium-denuded arteries
precontracted by PE. The BME concentration 1.5, 3.0, and 5.0 mg/ml cause
significant-different vasorelaxation as comparison to controls. In vascular smooth
muscle cell study showed the decreased inward lcqy currents which were occurred by
adding BME, high saponin. Despite these Bacopaside I did not cause decrease of
inward fcqy currents. These results suggest that the others of its pure compounds,
such as Bacoside A;, Bacopaside II, Bacopasaponin C isomer, or Bacopasaponin C
cause decrease of inward I, currents.

Conclusions: We found that BME has effects to decrease systolic and diastolic blood
pressure. whereas does not effect on heart rate. suggesting that the hypotension may
be due to relaxation of vascular smooth muscle. The vascular study verifies that BME
has relaxation on the rat tail artery. The relaxation may be mediated by blocking of
L-type VDCCs to decrease Ca™" influx into vascular smooth muscle cells. In isolated
vascular smooth muscle cells study verifies that BME and high saponin partially
blocked L-type VDCCs which reduce Ca®* influx, but did not produce any effects by
bacopaside I. Further studies need to find the active compounds to cause the
pronounced effect of hypotension, and investigate other possible underlying
mechanisms.

Keywords: Bacopa monniera extract; blood pressure; heart rate; vasorelaxation;

cannulation; organ bath; patch clamp; rat tail artery: High saponin; bacopaside [; L-
2+ :

type Ca™ currents: L-type voltage dependent-calcium channel
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1. Introduction

Cardiovascular diseases are the number one cause of death. An estimated 17.5
million people died from cardiovascular disease in 2005, representing 30 % of all
global deaths (who.int/cardiovascular_diseases). In Thailand, cardiovascular disease
was the first leading cause of death in 1997 to 2000 (Bureau of Non Communicable
Disease, 2006). High blood pressure is the leading risk factor for mortality around the
world, and lowering blood pressure greatly reduces the main risk for developing
arterial coronary disease, heart failure, cerebral vascular disease, and renal damage
(Ezzati et al., 2002). Recently, the interest of the general public in the use of dietary
herbs has risen exponentially, due to their presumed low toxicity and good therapeutic
performance. so one of the most interesting pharmacological studies is the effect of
herbal medicines on cardiovascular system.

Bacopa monniera or Bacopa monnieri is medicinal plant, locally called
‘Brahmi” (Dar et al., 1998). It has a number of uses in Ayurveda which is a traditional
treatment for epilepsy and asthma (Rajani et al., 2004). They were found in wet area
of Indo-Pakistan (Nadkarni, 1976) and in north-eastern of Thailand. The
pharmacological activities have been primarily attributed to the saponin compounds

» a present in the alcoholic extract of the plant. The major chemical constituents that
have been isolated and characterised {rom Bacopa monnieri are all dammarane-type
triterpenoid saponins and include pseudojujubogenin glycosides and jujubogenin
glycosides (Garai ct al., 1996; Hou ef al., 2002: Chakravarty et al., 2003).

The initial chemical investigations of two saponins, designated as bacosides A

and B (Chatterjee et al., 1963, 1965 and Basu et al., 1967), and designated as
Bacopaside I, 11, TII, IV, V (Chakravarty at al., 2001; 2003). Saponins were reported
to be responsible for the cognitive enhancing activity in Bruhmi (Das et al., 2002;
Sairam et al., 2002). Neuronal studies indicate that Bacopa monniera extract (BME)
improves memory capacity, motor learning ability (Das et al. 2002; Rajani et al.,
2004). memory functions in hypobaric hypoxia (Hota et al.. 2009), and antidepressant
activity on rats (Sairam et al_, 2002). and anti-inflammatory activity (Channa et al.,
2005). Clinical studies indicate that BME has antianxiety effect (Rajani et al., 2004)
and has chronic effect {o improve cognitive function in healthy human (Stough et al.,
2001). However. cardiovascular system is important due to this system has function
to deliver blood supplying for every parts of body, including the brain. Recently,
ethanol BME has been shown to have relaxant effects on smooth muscle consist of gut such
as ileum of guinea-pig and jejunum of rabbit, on respiratory smooth muscle such as
trachea and bronehioles of guinea-pig, and on vascular smooth muscle such as pulmonary
arteries of guinca-pig and rabbit. aorta of rabbit (Dar et al., 1997; 1999). The broncho-
vasodilatory activities of most active fractions are mediated by interference with Ca®'
ion movement (Channa et al., 2003).

However, the effects of BME on blood pressure (BP) and heart rate (HR) have
not been claritied. Therefore in this study. we used the cannulation technique to study
the acute effect of BME on BP and HR. Moreover, the effects of BME and
bacopaside I, its active compound, on rat tail artery isolated smooth muscle cells have
not been studied. Therefore, we used patch clamp technique to study this effect.
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2. Material and methods
2.1. Chemical and drugs

2.1.1. The crude extracts of Bacapa monniera preparation

Aerial part of Bacapa monniera was collected from Faculty of Pharmaceutical
Sciences, Naresuan University Phitsanulok Thailand which was provided by
Assoc.Prof.Dr. Kornkanok Ingkaninan. Department of Pharmaceutical Chemistry and
Pharmacognosy, Faculty of Pharmaceutical Sciences, Naresuan University

Bacapa monnicra was air dried and dehydrated (55°) and then crushed to be
crude. Ttwas extrocicd with 9576 Frhanol by Thai-China Flavours and Fragrances
Industry Company The BME were dissolved in heparinized saline 1o prevent clotting
of blood for the cannulation and vascular study, and dissolved in distilled water for
patch clamp.

2.2. Preparation of rals

2.2.1 Preparatiog of rats for cannulation

Male Wistar rats (200-250g) were used for all experiments. Animals were
bought from National Laboratory Animal Centre, Mahidol University. Animals were
housed under standard environmental condition at 25 + 5 °C, 12 hrs light & dark
cycle. fed with rodent diet and tap water in Department of Physiology, Faculty of
Medical Science, Naresuan University.

The rats were anaesthetized with thiopental sodium (50 mg/kg BW) by
intraperitoneal (i.p.) injection. Forelimbs and hind limbs were fixed on the operating
pad with adhesive tape. The femoral triangle, consisting of femoral nerve, femoral
artery and femoral vein. was exposed by skin incision. Femoral vein and artery were
cannulated with polyeihylene tube (PE 50) for the infusion of experimental drugs and
measurement ol blood pressure. respectively.

2.2.2 Preparation of denuded rat tail arteries

Male wistar rats (200-250g) were sacrificed by intraperitoneal injection of
pentobarbital sodium overdose. The rat tail artery was isolated and placed into freshly
prepared Krebs” solution, composed of (mM): NaCl, 122; KCI, 5; [N-(2-
Hydroxyethyl) piperazine N’-(2-ethanesulfonic acid)] HEPES, 10; KH,POq,, 0.5;
NaH,PO4, 0.5; MgCl,, 1; glucose, 1 1; and CaCly, 1.8 (pH 7.3). Adherent fat and
surrounding tissue were cleaned off. The rat tail artery was cut into rings
approximately 0.5 emin fength. The rings were rubbed the intimal surface to be rings
with the endothelium denuded. The riags were mounted on pair of wires in organ
chambers containing 2 ml Krebs™ solution at 37°C and aerated. The vessel segments
were allowed to equilibrate for | hr ata resting tension of 1 g. During the
equilibration period, the solution was replaced every 15 min. Changes in isometric
force were measured using a MacLab data acquisition system (Analogue Digital
Instruments, Sydney. Australia).

2.2.3 Preparation of vascular smooth muscle cells from rat tail arteries for patch
clamp

Male Sprague Dawley rats (200-250g) conformed to UK Home office
Regulations and the principles set out in the Guide for the Care and Use of Laboratory
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Animals (National Academy of Sciences 1996). The rats were terminated by
intraperitoncal injection of pentobarbital sodium overdose. Segments of the rat tail
artery were excised and put into calcium free Hank’s solution. They were then
cleaned of adhering tissue, and cut open into small strips. The tissues were
transferred into a tube filled with dissociation medium (DM) solution, composed of
(mM); NaCl, 110.0; KCI, 5.0; KH,POy, 0.5; Nall,POy, 0.5; NaHCOs, 10.0; HEPES,
10.0; phenol red, 0.03; taurine, 10.0; ethylenediaminetetraacetic acid (EDTA), 0.5;
and MgCl,. 2.0 (pH 7.0). The tissues were incubated at 4 °C in the presence of 0.8
mg/ml papain, 0.04% bovine serum albumin (BSA) and 0.4 mM 1 4-dithiothreitol
(DTT) for 30 min, and then incubated at 37 °C for 15 min. After that 0.8 mg/ml
collagenase were added and the Ussucs were further incubated for 10 min. The tissues
were transferred into fresh DAL tnturated with pasture pipette until the smooth muscle
cells were isolated from tissues. The cells were kept in 4 °C for further use in patch
clamp recording.

2.3. Experimental protocols

2.3.1 Protocol I; effect of BME on BP and HR on normotensive anesthetized rats

A polyethylene catheter was inserted into the femoral artery for pressure
recordings. Another catheter was inserted into femoral vein for administration of
drugs. Both catheters were filled with heparinized saline. The arterial catheter was
connected to pre-calibrated pressure transducer and pressure outputs were recorded in
an amplifier-recorder connected to a personal computer equipped with an analog to
digital converter board, Maclab A/D converter (Chart v4; A.D. Instruments, Castle
Hill, Australia). After cardiovascular parameters had stabilized, BP was recorded
before and after i.v. administration of BME dose 20, 40, 60 mg/kg BW. HR was
calnulated from counting of the pressure signal. Successive injections were separated
by a time interval sufficient to allow full recovery of cardiovascular parameters.

2.3.2 Protocol 2: effect of BME on rat 1ail arterial contraction induced by PE

This study attempt was to verify BME-induced relaxation. 10°M PE was used
to induce a steady contraction in rings with the endothelium denuded, and BME was
added cumulatively (0.1-5.0 mg/ml). The BME-induced concentration-dependent
relaxation in arterial rings was calculated as percentage of the contraction in response
to PE. : ' o

2.3.3 Protocol 3; effect of BME and its active compounds on vascular smooth muscle
cells using perforated patch-clamp recording

Isolated rat tail arterial cells were dropped into the chamber and allowed to
settle down for 5-10 min. then perfused with Hank’s solution. composed of (mM);
glucose. 5.0: HEPES. 5.0: KCI. 5.0¢ MgaCla. 1.3 NaCl. 140.0; CaCl,, 2.0 (pH 7.4) at
37 %. The whole-cell periorated pateh clamp method was employed to voltage-clamp
smooth muscle cells. Recording electrodes were created a pipette resistance of 4-8
MQ when filled with CsCl pipette solution, composed of (mM); CsCl, 125.0; HEPES,
10.0; EGTA, 11.0; MgCls. 2.0; CaCl,. 1.0 (pH 7.4) which contained 200 ug/ml
amphothericin B. The amphotericin B stock solution was prepared every week at 4
mg/ml in dimethyl sulfoxide (DMSO), stored at —20 °C, and protected from light.
Fresh perforated-patch pipette solution was prepared every day by addition of 10 pl
stock amphotericin B solution to 200 pl intracellular CsCl pipette solution. L-type
Ca”" currents (7caqy) were measured from a holding potential of =80mV. Ica(y were
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generated by 10 mM BaCl, in Hank’s solution and depolarizing voltage steps of 300
ms duration. Once I, had reached steady values (control), cell was exposed to 10
mM BaCl, plus 10 pg/ml BME, then washed by 10 mM BaCl, in Hank’s solution. 10
mM BaCl, plus 100 pg/ml BME, 10 mM BaCl, plus 10 pg/ml high saponin, 10 mM
BaCl, plus 10 pg/ml Bacopaside [, and 10 mM BaCl, plus. 1 pM nicardipine were
added to the cell, respectively. Each drug was separated by 10 mM BaCl, in Hank’s
solution. The chamber was filled under the continuous flux of Hank’s solution. Data
were accomplished using whole cell programWCP for windows V3.6 (winWCP)
Software, developed by University of Strathclyde.

2.4 Data analysis

All data are expressed as mean + standard error of mean (SEM.). Statistical
analysis and significance are appropriatelv measured using SPSS data analysis
software, compose of Pair Student t-test for the significance of BP or HR differences
between before and after drugs injection in the same dose, and ANOVA was used to
analyse the significance of different doses. In all comparisons, P values less than 0.05
were considered significant.

s D



3. Results

3.1. High saponins from BME analyzed by HPLC

A chromatogram of high saponin (group of active compounds) from Smg/ml
BME was analyzed by IPLC, showed the most active compounds of Bacopa
moniera. 5% of total saponins were found from BME which five active compounds,
consist of Bacoside A3, Bacopaside 11, Bacopasaponin C isomer, Bacopasaponin C,
and Bacopaside I were detected and compared to standard pure compound (Fig. 1).

3.2. Effect on blood pressure and in heart rate in normotensive anesthetized rat

Intravenous administration of BME caused & dose dependent decrease in
systolic blood pressure (Ps) and diastolic blood pressure (Pd) at 20. 40, and 60 mg/kg
in normotensive anesthetized rats. The fall in Ps and Pd were transiently decreased
after each dose and a return to normal within a minute, whereas saline did not cause
decrease of Psand P'd (Fig. 2A). The Ps were expressed as doses of 20, 40, and 60
mg/kg BME at before and after injection; 134.02+5.00, 115.2245.04; 138.02+ 8.86,
104.814£9.74; 143.93+12.13, 94.98+5.38 mmHg, respectively, and the same trend in
Pd; 97.64+4.11, 78.67+3.79; 99.8144.80, 67.14+7.48; 100.36+6.23, 57.02+8.84
mmHg, respectively (Fig. 2B). Although blood pressure was decreasedy but heart rate
was not changed under the same experimental conditions, which was expressed as
doses of 20, 40, and 60 mg/kg BME at before and after injection; 418+11.92,
414£8.01; 429£15.36. 417 +£16.13; 452+18.77, 447+23.70 BPM. respectively (Fig.
20).

3.3. Concentration-dependent relaxation effect of BME

BME (0.1-5.0 mg/ml) induced relaxation in concentration-dependent manner
in endothelium-intact arteries precontracted by PE (Fig. 3A).  The vasorelaxation of
arteries was expressed as percentage of contraction to 10° PE at different
concentration 0.1, 0.5, 1.0, 1.5, 3.0. and 5.0 mg/ml BME: 90.14<1.76. 84.81%1.79,
77.90+2.66, 66.66+3.98. 55.86=5.07, and 37.47+6.12: respectively, The BME
concentration 1.5, 3.0, and 5.0 mg/ml cause significant-different vasorelaxation as
comparison to controls.

3.4. Effect of BME and its active compounds on vascular smooth muscle cells

The inward currents were clicited by 300-ms step pulses to 10 mV from a
holding potential of =80 mV (Fig. 2A). The inward currents, which were generated
by 10 mM BaCly, /cqqy were decreased by adding of 10pg/ml BME, 100p1g/ml BME,
10pg/ml high saponin, and 1ptM nicardipine to the cells (Fig. 4A). These inward
currents were expressed as peak of current divided with cell capacitance before and
after added the drugs which are 10pg/ml BME. 100ug/ml BME. 10jg/ml high
saponin, 10pug/ml Bacopaside [ and 1M nicardipine: 4.35+0.53. 2.88+0.48:
4.11£0.39, 2.19£0.27; 4.330.35. 3.09+0.31; 3.1520.53. 4.2521.03; 4.52+0.10,
1.16+0.81 pA/pF, respectively. The inward currents were concentration dependent
decreased by 10pg/ml and 100pg/ml BME. The same effect as 10pg/ml high
saponin, and 1M nicardipine, but did not cause decrease by 10pg/ml Bacopaside 1
(Fig 4B). '



4. Discussion

The BP and HR study indicated that BME caused dose dependent decreased of
blood pressure (BP). The rapidly BP recovery may be due to the pharmacokinetic of
extract which was distributed, metabolized, and excreted, so the extract concentration
was rapidly reduced from the blood, moreover may be due to short term regulation of
BP by the baroreceptor reflex, negative feedback reflex, and autoregulation of BP via
stretch receptors. Therefore, the extract might be useful in treatment of hypertension.
There were not any effects on heart rate, suggesting that the hypotension may be due
to relaxation of vascular smooth muscle.

In order to verify the relaxation ¢ffect of BME, the present study applied PE to
induce contraction. PE activates the intracellular Ca®* release following an increase
of PIP; and IP;. The results examined that BME relaxed the artery precontracted with
10°M PE in endothelium denuded isolated tissue in a manner of concentration
dependence. The results suggest that EME acted through smooth muscle cells. The
BME relaxed the contraction induced by PE, suggesting that a mechanism is
inhibition of o-adrenergic receptor and Ca®*-dependence on vascular smooth muscle
involvement. The relaxation may be mediated by blocking of L-type VDCCs to
decrease Ca®* influx into vascular smooth muscle cells.

The vascular smooth muscle cells study showed that the inward currents were
generated by 10 mM BacCl,, and nearly abolished by 1M nicardipine (L-type
Voltage-dependent caicium channel). These results suggest that the recorded inward
Icaq) currents were Ba™ currents mostly carried by L-type Voltage-dependent calcium
channel. The decreased inward /¢, currents were oceurred by adding BME, Saponin
(active compounds of Bacopa monniera), but despite these Bacopaside I (one of its
pure compounds) did not cause decrease of inward ey currents. These results
suggest that the others of its pure compounds, such as Bacoside A3, Bacopaside II,
Bacopasaponin C isomer. or Bacopasaponin C cause decrease of inward /¢
currents.
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5. Conclusions

We found that BME has effects to decrease systolic and diastolic blood
pressure, whereas does not effect on heart rate, suggesting that the hypotension may
be due to relaxation of vascular smooth muscle. The vascular study verifies that BME
has relaxation on the rat tail artery. The relaxation may be mediated by blocking of
L-type VDCCs to decrease Ca”" influx into vascular smooth muscle cells. In isolated
vascular smooth muscle cells study verifies that BME and high saponin partially
blocked L-type VDCCs which reduce Ca*" influx, but did not produce any effects by
bacopaside I.

Further studics need to find the active compounds to cause the pronounced
effect of hypotension, and investigate other possible underly ing mechanisms.
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Figure legends

Fig.1. Chromatogram of high saponin from Smg/ml Bacopa monniera extract (BME)
analyzed by HPLC,

Fig. 2. Effect of Bacopa monniera extract (BME) (20, 40, 60 mg/kg) on tracing of
blood pressure (A), systolic and diastolic blood pressure (B), and heart rate (C). Data
are expressed as mean £SEM (n=4-6).

** p<0.01

Fig. 3. Concentration-dependent effect of Bacopa monniera extract (BME) (20, 40, 60
mg/kg) in10°M PE (A) precontracted denuded rat tail artery rings. Data are
expressed as mean +SEM (n=7).

* p<0.05, ** p<0.01

Fig. 4. Effect of Bacopa monniera extract (BME) (10, 100pg/ml), 10ug/ml high
saponin, and 10pg/ml Bacopaside I on tracing of L-type Ca** currents ({eaqy) on
vascular smooth muscle cells (A), decrease of inward Icaqy.cutrents (B). Data are
- expressed as mean +SEM (n= 3-5)

* p<0.05, ** p<0.01
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